Abstract -The regio-and stereoselectivity of Diels-Alder reactions is discussed in terms of second order orbital interactions, which may be subdivided into secondary orbital effects, substituent effects and polar group effects.
REGIO-AND STEREOSELECTIVITY IN DIELS-ALDER REACTIONS.
THEORETICAL CONSIDERATIONS Abstract -The regio-and stereoselectivity of Diels-Alder reactions is discussed in terms of second order orbital interactions, which may be subdivided into secondary orbital effects, substituent effects and polar group effects.
1) First Order Orbital Interactions
A large number of mechanistic investigations on Diels-Alder reactions2 reveal3 that the new a bonds are formed at the same time, i.e. we are dealing with a one-step-process as indicated in Fig. 1 . In agreement with and HOMO(dienophile)-LUMO(diene)) are shown for butadiene and ethylene.
We find an in phase relation between the atomic orbital (AO) amplitudes at those centers where the new bonds are formed. This in phase relation is crucial for the low activation energy of a synchronous process ( Fig. 1) and it determines the stereospecifity. We will call the in phase relation a first order orbital interaction. A still growing number of investigations in the field of cycloaddition reactions reveal regioselectivity or stereoselectivity35. In analogy to the first order orbital interactions we will call those electronic effects which determine the regio-and stereoselectivity second order orbital interactions.
To discriminate among the second order orbital interactions we divide the two reacting molecules (diene and dienophile) into different regions: the active centers (AC) the active frame (AF) and the inactive frame (IF).
The active centers are those centers between which the new bonds are Examples for the Alder-Stein rule are shown below: (1) (2)
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Although the observed endo-exo ratio amounts mostly 99:1, it should be noted that the energy difference in the corresponding endo or exo transition state is only about 3 kcal/mol.
An MO based rationalization of the Alder-Stein rule has been suggested by Woodward and Hoffmann4. If we consider the important frontier orbitals of cyclopentadiene and maleic anhydride (Fig. 4) we find in addition to the first order orbital interaction (in phase relation between centers 1 and 4 of the diene and the centers 1' and 2' of the dienophile) a further in phase relation between the active frames of both molecules in the 
The substituent effects we can divide roughly into two groups (see Fig. 3 ): 1) substituents which cause a polarization of the frontier orbitals of s character in such a way that the size of the amplitudes are changed, but the 2p5 lobes stay parallel 2) substituents which cause a strong a/Tr mixing, leading to rotation of the p lobes.
Polarization Effects
Examples for this effect are the cycloaddition reactions between substituted butadienes and acrylic acid derivatives as shown below: 
a/ Interaction
Examples for the influence of a/n interaction are shown below1416. To excT2 +di -£1c1COoR
plain the preference of the dienophile to attack anti to the methano group of the norbornane or norbornene fragment we can omit steric effects since the new bonds formed are three a-bonds apart from the bridges. We also can exclude polar effects since we are dealing with simple hydrocarbons with a low dipole moment. Important for the understanding of the observed stereoselectivity indicated above are a/u interactions. Model calculations on j and 3 predict15 a strong mixing between the lowest occupied orbital (ur) of the diene moiety and high lying a orbitals of proper symmetry. The resulting canonical molecular orbital is shown in Fig. 6 schematically. The rotation of the terminal p lobes for of 3 is shown in the contour diagram of the same figure. It is seen that the rotation leads to significant differences in the frontier distribution on the syn and anti side. The rotation just described is due to a/u mixing and not due to any rehybridization. 
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